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I. INTRODUCTION 


A study was conducted to investigate the present methods and 
standards for controlling the pasteurization history of butter. 
The present AP methods for butter were developed based on limited 
work done in the 1930's and 1940’s and do not account for the 
possibility Gf e AP reactivation, a common phenomenon in dairy 
foods today. Although much research has been done on the subject 
of AP reactivation little of this work has been performed on 
motcer. It is questioned therefore whether the developed methods 
and standards are meaningful for analysis of butters. 

This project anvolved 2 facets =~ <- study on butters made 
in-house and an investigation of commercial butters. The 
applicability of the AOAC Methods for AP analyses (residual, 
reactivated, and microbial) was considered as was the present 
standard of acceptance for butter (<2 mpiteor sacuLviIty). In 
addition, effects of pasteurization and storage parameters on AP 
reactivation were studied. AP analyses were done with AOAC and 
Rutgers methods. The following report is 4 summary and 


discussion of the results. 
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A. INTRODUCTION 


Butters were manufactured in-house and stored at 40F, OF, 
and -20F. Analyses were done every three months for 18 months 


(except for the 9 month assay). Tests performed were as follows: 


Cream; 
Alkaline phosphatase activity 
Bat content 


Microbial plate counts (SPC, Psychrotroph, and Coliform) 


BUCLErs ; 
Alkaline phosphatase activity 
PecLooial plate, counts (SPC, Psycnrotropn, and’ Coliform) 


Proximate analysis (at 0 and 18 months) 


Boueous Extracts of Butters: 
Alkaline phosphatase activity (at 12, 15, and 18 months) 


The specific experimental procedures and results were 
presented in previous progress reports. The following isa 


summary and discussion of the $bservations. 





BoeeeouULTS 
1.Cream: 


a)AP Activity: The AP values will be discussed in the sections 


covering the AP activities of the respective butters. 


b)Fat Content: Two lots of raw cream were obtained from Welsh 
Farms. The first ~lot tested 31% fat. Only the raw cream butter 
was made from this cream. The five remaining butters were made 


from a second lot of créam which tested 36% fat. 


¢)Mirwobial Plate Counts: Except for some 40F stored butters 
total microbial and psychrotroph counts were low. No coliforms 
were observed in any samples. Specific results were included in 


Progress Report #2. 


eeeccrcer: 


a) AP Activity: 
eco, GUN). at LOUrce a enogs | tie activities of the butters 
made from vat pasteurized cream. Average values for residual AP 
ect wy eorare PlOLLeEa versus time of storage for) all 3 storage 
temperatures. It is evident that no activity developed in any of 


Png semoles Over the course of the study. Rutgers Method 
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analyses and AP determinations on aqueous extracts confirmed 
these observations. The absence of AP activity in these samples 
is consistent with literature; prolonged heating permanently 
inactivates AP. 

Pie AP activaty cf the vat pasteurized cream before 
churning was .44 units (AOAC Method). This slight activity was 
attributable to reactivation. 

(2)185/f24sec.: Figure > shows the results for the butter made 
from the 185F HTST cream. Average AP activities for samples at 
the 3 storage temperatures are plotted versus months of storage. 

During the shelf life study activities for all samples were 
Weas than 2 units, 9 Che present standard value of acceptance for 
butter. A gradual increase an activity iS observed after 6 
months of storage. No significant differences iMmAP activity te 
evident for samples at the 3 different storage temperatures. 

The above observations were confirmed by the Rutgers Method 
on both whole butters and their aqueous extracts as Wer) -asmene 
AOAC Method applied to aqueous extracts. The detected aecivities 
were note@pattrabutable to either microbial or reactivated AP 
based on the AOAC methods. 

The 185/24sec. cream had no activity before churning. 

(3)195/24sec.: Figure 3 shows the results for the butter 
samples made from P95F HIST cream. 

As in the previous 2 Be nves all activities were less than 2 
units. An increase in activity is observed after 6 months of 
storage. No™ significant differences are apparent between the 


samples at the three holding temperatures, although an atypical 
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peak in activity is seen in the OF sample after 15 months of 
storage. The aqueous phase activity of this sample is very 
similar to the aqueous phase activities of the 40F and -20F 15 
month samples. Thus, this peak could be due. to “error of 
measurement or inhomogeneiety of sample. This demonstrates how 
the aqueous phase analysis can be used to confirm AP activity 
determinations on whole butters. 

Tests for microbial and reactivated AP were negative. 

The 195/24sec. cream had an activity of 1.29 units. This 
was shown to be reactivated AP. 

(4)145/24sec.: Figure 4 shows results for the butter made from 
ene 145° HIST cream. This represents the first sample made from 
underpasteurized cream; consequently, the activities are much 
greater than those of the previous samples. 

A plere sor BAcCtivity gversus 7 time reveals a peak after 12 
months of "storage. Reethas “pointithe activity of thesbutters 
approximately doubled the imitieal ‘activity “at) 0% months of 
storage. Differences in activity between the samples at the 
three storage temperatures were not SLOnVrTs Canc: 

The Rutgers Method determinations on both whole butter 
samples and their aqueous phases contirm the nighvagctivities.” In 
all cases results were greater than 5 std., the highest visual 
standard used in the Rutgers Method. The AOAC Method was not 
used on the aqueous extracts of these or the following 2 butters 
made from the mixed and raw creams. Measuring the very high 
activities of these aqueous extracts would have necessitated the 


use of several dilution steps, additional amounts of BQC 
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mer cator, and an increased color development time. These 
alterations in procedure would have resulted in less accurate 
measurements and therefore the aqueous phase assay was not deemed 
necessary for these samples. 

Results for microbial and reactivated AP were negative. 

The 145/24sec. cream had an activity of 5s90eun L ts". 

(5)Mixed: The butter from mixed cream (Figure 5) showed 
similar trends as in the 145/24sec. sample, however , at lower 
activities. AP activity doubled after 12 months of storage and 
no significant differences are evident between the samples held 
at the three temperatures. These results were confirmed byecne 
Rutgers Method determinations. Activities were not attributable 
to microbial or reactivated AP. 

The mixed cream was not tested for AP activity. The 
activities of its constituent creams are reported in the 
respective sections (185F/24sec., 195F24sec., and 145F24sec.). 

(6)Raw: The raw cream butter showed similar trends as in the 
previous 2 butters from underpasteurized samples (Figure 6). 
Activities in the raw cream butter were the greatest Ole Neso an- 
house samples. The activities doubled after 12 months of storage 
and were similar for the different storage temperatures. No 
microbial or reactivated AP were detected by the AOAC Methods. 


The raw cream had an activity of 750 units. 
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b)Microbial Plate Counts: Based on the reported results for 
total plate, psychrotroph, and coliform counts the presence of 
microbial AP is improbable. This confirms the negative results 


for microbial AP determinations on the butter samples. 


c)Proximate Analyses: Proximate analyses were performed at the 
beginning and end of the study. As discussed in Progress Report 
#6 deviations in butter composition were noticed. These changes 
were erratic, as some samples changed more than others. 


Typically, any changes in moisture or fat content were withing «4 


of the original values at 0 months. Salt and curd showed even 
less variation. The greatest changes in pH were observed in the 
40F stored butters. No correlation can be made between the 


changes in AP activities and butter composition. 


Cel toc USO LON 


1.General: The creams from properly pasteurized creams all showed 
tess than 2 units of activity. The vat pasteurized sample had 
no activity over the 18 month study. Aveslight. ©anereaselan 
activity was measured in ish SIRE and, 1 OS5FPeHTSTecream butters 
which was not Berea butabre to erenes microbial or reactivated AP. 
No significant differences in activity were noticed in samples 


held at the three different storage temperatures. 
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The butters from underpasteurized creams had significantly 
greater AP activities than the samples described above. In each 
of these 3 samples the activities doubled during storage. This 
doubling of activity is an interesting but unexpected 
Observations Typically, .an increase in AP activity has been 
associated with dairy foods which have received a high degree of 
heat treatment. These last three samples were made from creams 
Waucheereceived little .or no pasteurization. Perhaps: stnivs 
indicates that the mechanism of AP reactivation or rather 
increased AP activity during storage is different for butter than 
Poteet bia ete tke product. 

AP activities in the last three samples could not be 
ascribed to microbial or reactivated AP. Differences in activity 
for samples held at the various storage temperatures were 


epsignificant. 


2.AOAC Method: The present AOAC Method proved to be adequate for 
determining AP activities in butter. However, the sensitivity of 
Ene CeSteson butters, with low,activities (0-2 units) leaves room 
for interpretation. A typical deviation between the average 


Venue ands saehigh or low value in. such butters is about .25 units 


(Lelerem toes DiLevious | reports)... In some samples this could 
Pepnrecent sia rekativel,, error of 30-40%, For a sample with a 
Potder we APPactivity such an error iS unacceptable, Analysing 


butters with more than triplicate samples would improve the 
accuracy, Of sthe . test but would make it cumbersome and 


inconvenient for routine analysis. In this project the Rutgers 


Ase 


4 : a os rece ”~ 
bs ustesatebay moxd 
- - ow - 
+o NaGs ESi2 sy 
< Jf & F | 776 Bilis 
ai. | yoiv 
. 2 rifts 
= eh a & ~ 
' 
Vér ? Py Ss 
r * * r as 
igus 26f se 
Dy 4 
‘ ~ 
‘ 
Z se t 7 S| 
4 > “4 
. ‘ ad 
ry 
; a | ‘- 
, ‘ iV 2 24S Pa 






§ .- « ‘ » « . * : 7 ; a 
veel (ejinu 5-0) S#icivVigee WOE Boaw szessud fo oe 
a 





OL Fe ISEIED, 
>= 





im dove ‘i 





Cena elctssqeccnad ad) sone 






7 evorent bigow eelqmae 8749 A 






bas smeeisdhus . - eas blue Wwe 


e+ ot dh ot SA3: oatong pida 5 ae 





Method on both whole butters and aqueous extracts as well as the 
AOAC Method applied to aqueous extacts were used to confirm 
BeSults. 

One-or=the goals” of this project was to evaluate the present 
AOAC standard of acceptable AP activities in butter. The present 
standard is 2 units which is a value based on limited research 
Setceeine the 1930's and 1940's. Because none of the in-house 
butters made from properly pasteurized creams exceeded this value 
no judgement can be made on its VaLlouey.. This issue will be 
discussed in the section of this report covering the results of 


the commercial butters. 


3.Microbial AP: No sample tested positive for microbial AP. This 
observation is in agreement with the typically low plate counts 
of the majority of the butters samples. The applicability of the 
present recommended method for detecting microbial AP in butter 
however, warrants further research. The use of this method has 
not been cited in most of the literature on AP activities in 
SuLter . PYPiCaliy 5 tt) 2S corluded that “low plate counts 
correlate with no microbial AP interference. Work should be 
initiated addressing the specific levels of a microbe’s presence 
at which interfering AP is noticeable, the types of microbes 
which produce AP, and the characteristics (i.e. heat labia lacy) or 
eeese (microbial AP’s if the present method for detecting 
microbial AP in butter will continue to be used. Such research 


is especially advisable in light of the recent work done by 
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Pravccelowe e€t al. (J. Dairy Sci. 71:17-23) which revealed that 


certain microorganisms produce heat labile AP. 


asReactivated AP: The tests for reactivated AP in all samples 
were negative. However, activities in 5 of the 6 in=house 
butters increased during storage. Since these increases were not 
attributable to microbial AP some form of reactivation must be 
involved. This observation is not in agreement with the negative 
results of the AOAC Method for determining reactivated AP. The 
following comments address this issue. 

The AOAC Method for detecting reactivated AP in butter is 
the same, unmodified method used for fluid milk products. No 
separate work has been discovered in literature applying its use 
for butter. Still, according to the AOAC Methods of Analysis the 
method is applicable and valid for butters. 

Upon reviewing the protocol for reactivated AP determination 
it becomes evident that the unmodified procedure is difficult to 


Carry OuL In analysis of butter for the following reasons 


(Figure 7): 
1) The concentration of the magnesium solution is not altered 
for butter analysis. The described stock solution will result in 


an appropriate magnesium concentration when mixed with fluid milk 
products. The resulting concentration in an assay with butter 
however is much greater eee: Loma plea Scere cmt ace 

2) Sample sizes in the AOAC procedure are given in units of 


volume (mls.). In working with butter units of weight (grams) 


were assumed. 
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2) The preincubation temperature in the AOAC protocol is 34C. 
At this temperature a sample and an aliquot of magnesium solution 
aneemaxededncdeheld for one hour. Butter is not very fluid at 34¢ 
anc we nerefore cours analyses were done at 37C. At 37C proper 
mixing of sample and magnesium solution could be achieved. 
4) Avoiding prewarming samples is recommended. How prewarming 
eepcample ~aifects the test, 3s not explained. In working with 
butter prewarming is a necessary step before the magnesium 
SOluLton of he* vest can incorporated: 
5) Use@lor the AOAC procedure on butter is not evident in 
literature. 

Thus, although an AOAC method for distinguishing AP activity 


PreouLter exists, .1Ls validity is, questioned. 


>.Aqueous Extract Analysis (AOAC Method): The use of the AOAC 


procedure for butter on aqueous extracts of butter samples proved 
Bom emeceuUselileconcrol for the analysis of the in-house butters. 
It was observed that the activities inthe aqueous phases were 
about 10-15 times the activity of their respective whole butters. 
THeELrelore, WW ilowh vormenegative® tactivities in a butter can be 
confirmed by testing its aqueous extract. A butter with no 
Sceivilyewi rr alsomnave no activity invits aqueous extract. A 
sample with slight activity (172 MLE SieeWiie have an actavity, of 
perhaps 10-20 units in its aqueous phase. 

Using aqueous phase analysis it was confirmed that the 
butter from vat pasteurized cream did indeed have no activity 


Viilemene SlLugnteaActivi tec. »OfegthcawlSohwrand 195F HTST cream 


18 















n ae * 
is a RIG Qrtse 2 ob eae | 


, ty tvod sno y96o2 Bied bas b 
iw -62V 60k Luc eiolersd: 


22 mydeonoem bas elonse 2 


7 ; o 


nOo092 2i gelaqnse pilinizawes¢d 


Gao J ; pA 7&2 = Fo te Z208s 
oat > rt ed nbn 
E 61 aes? Jes3 aa 
aes! a ’ a) 


T ; (bogjeM SGA) BinyinnA Jonsgem Bp 
» zelssud to @soe*e ike ByéSstios nO te 23be 


29721 ’ “hi eof Ico B@Leyvisas any 12092 Loe2nss ioteeh & 
= 
ow 2 ia vooups ei7 ai esizivises. ang —s navies do 


evisoeqess =13a7 56 ptsvisas edz dink: it 2 f 






A] 
> aetcut se pt sebtyivivog evigspen 26° we is . 
met oi 


: 










LW 97 Ie A 77 81248 ae, IGS BS. enisaed 
S@%cx* succeed (49) oh” yrkvlase in vad sab ta fiz 

20 Yirvisgos as seed iIfliv wate SSH waives 4 ai 1¢ 
e J is het f ' 


esi evosy, rae 5 
) = ay. 


pa ms 


+ cage i 


; Tr 
of? Jade (t net oat een” 3k Bases 
oo 





ftividss on sini beabak bib as 


Dp 


FIGURE 7, 


16.230 Residual Phosphatase (27}—Official Final Action 


See 16.118. Take sample from beneath surface with clean 
knife or spatula and proceed as foliows: 


Step 1.—Weigh 1.0 g sample (preferably in duplicate) on piece 
of waxed paper ca 2.5 cm sq and insert paper with sample into 
tube. Similarly, weigh another sample and place in tube as 
control or biank. 

Step 2.—Heat b/ank ca 1 min to 85-90" in beaker of boiling 
H,O (covered so entire tube is heated to 85—90°), and cool to 
room temp. From this point treat blank and test alike. 

Step 3.—Add 10.0 mL buffer substrate prepd as in 16.116(b), 
except dissolve Na,C,H,PO, in 100 mL undild Ba borate-hydrox- 
ide buffer made from 18 g Ba(OH),.8H,O and 8 g 4,BO,/L. 
Stopper tube and mix. 

Step 4.—immediately after adding substrate, incubate 1 hr in 
H,O bath at 37-38°, mixing or shaking contents occasionally. 

Step 5.—Heat in beaker of boiling H,O nearly 1 min, heating 
to 85-90° (use thermometer in another tube of same size and 
shape contg same vol. of liq.), and cool to room temp. in vessel 
of cold H,0. 

Step 6.—Pipet in 1 mL 6.0% ZnSO,.7H,0 soln, and mix thoroly 
(pH of mixt. should be 9.0-9.1). 

Step 7.—Filter (5 cm funnel, 9 cm Whatman No. 42 or No. 2 
paper recommended), and collect 5.0 mi filtrate in tube, pref- 
erably graduated at 5.0 and 10.0 mL. 

Steps 8—11.—Proceed as in 16.118. 

Step 12.—When using 1.0 g butter and adding 11.0 mL liq., 
multiply vaiue of reading by 1.1 to convert result to phenol 
equivs/0.5 g butter. (Vaiues >2 equivs/0.5 g indicate underpas- 
teurization.) 

See 16.129—16.130 for differential test for reactivated and 
residual phosphatase. 


Reactivated and Residual Phosphatase, 
Differential Test (32)—Official First Action 


16.129 Reagent 


Magnesium acetate so/n.—40.1 g Mg/ mL. Dissolve 35.4 g 
Mg{OAc),.4H,0 in 25 mL H,0, warming slightly. Transfer quant. 
to 100 mL vol. flask with H,0, cool, and dil. to 100 mL. 


16.130 Reactivation 


Place 10 mL of each sample in boiling H,O bath and hold 1 
min after temp. of sample reaches 95°. Cool, and use portion of 
each for diin, as required, and for boiled control. Place 5 mbt 
aliquot of sample in screw-cap (phenol-free) test tube. Add 0.1 
mL H,0. To second 5 mL aliquot in identical tube add 0.1 mL 
Mg(OAc), soin. incubate both tubes 1 hr at 34°. Remove samples 
from bath and cool in ice-H,O bath. Dil. aliquot of 1 mL sample 
contg Mg with 5 mL of corresponding boiled control. Test undild 
sample contg no Mg and 1+5 diln contg Mg for phosphatase 
activity as in 16.118, 16.123, 16.126, or 16.164, keeping tubes 
cool until analysis. 

If 1 + 5 diln contg Mg has equal or greater phosphatase 
activity than undild sample contg no Mg, sample is regarded as 
neg. for residual phosphatase and indicates that phosphatase 
originally measured is of reactivated origin. If dild sample 
contains less activity than undild sample, it is considered pos. 
for residual phosphatase provided that initial conventional phos- 
phatase test was pos. Faise pos. test for residual phosphatase 
may be obtained if reactivatabie sample stood at elevated temp. 
(21—24°; 70-—75°F) for >2 hr. 
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butters were due to the presence of AP and not because of error 


in measurements. 


6.AP Activity in Butter (Rutgers Method): The Rutgers Method is a 


quick semi-quantitative test for AP analysis of milk. It was 
used in this project as an additional method to confirm the AOAC 
results. The results of the butters from underpasteurized creams 
were easy to interpret. The development of bright pink colors 
indicative of high activities greater than the 5 std. were 
obvious. The interpretation of the results from butters of 
properly pasteurized creams was more difficult. The slight 
presence of any pink color in these no or low activity samples 


was hard to detect within the opaque yellow color of the butters. 


feecueOUS extract s Analysis (Rutgers Method): Performing the 


Rutgers Method on aqueous extracts of butters eliminates the 
problem of color masking. Any pink color that develops is easily 
recognized in a white aqueous extract. 

The Rutgers Method on aqueous extracts was used on the 12, 
15, and 18 month samples. Relative activities were consistent 
with results of other methods,however they do not represent a 
10-15 fold increase over whole butter activities as was observed 
with the AOAC Method on aqueouS, extracts. This is because while 
in the AOAC based Method 1 ml. of sample is diluted with 10 mls. 
of buffered substrate in the Rutgers Method the sample is 
Pieuvareauwiche just 1 drop of buffered substrate. ingsuch van 


undiluted aqueous extract the salt and proteins are very 


20 


y r 7 
rh 27 
: gt 
t 
’ 
at 
‘ 
a - - ) La 
—* ae 
= — 
a 5 - 
~ § = 








fave ‘oll Vt Sat gege-golog - 
: 4! ' 
_Oscti.e £27.68 & Rg ramte 
ton 
sai} 5s been sew “s JOS DA 1o Semel eseg9on om 
_ 


tlencs e184’ esiziv sis -39[Qehe dinda? 


Sa - 
# heen zon ot 3. Ju Ml, SS edie “fs 3k 


dw tev oe 





concentrated and this could affect the activity of AP. Future use 
of the Rutgers Method on aqueous extracts will require that 
specific assay conditions of sample size, substrate 
concentration, pH, dilution ranges, and incubation time be 


established. 


8.AP Analysis (Dialysis Method): The Rutgers Method for AP 


determinations has the advantages of being fast and convenient. 
Also, phenolic compounds cannot interfere with this test as they 
can with the AOAC Method. A drawback of the Rutgers Method is 
the inability to quantitate outside the activities represented by 
the 3 available visual standards. Thee uses OCT audi alyvois 
procedure employing Rutgers Method reagents along with 
spectrophotometric analysis has been explored to develop a 
continuous quantitative assay procedure for AP analysis of 
butter. Results of initial experiments were given in Progress 
Report #3. Further work will be needed to establish specific 
eecayveconditions tor the analysis of AP in. butter using tas 


method. 
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D.SUMMARY AND CONCLUSIONS 


Six butters were manufactured and analysed for AP activity 
Over ice months of storage at 40F, OF, and -20F. The samples 
included 3 butters made from properly pasteurized creams and 3 
made from under or unpasteurized creams. Activities in the 
putters from the first group never reached 2 units, the present 
AOAC value of acceptance. Activities in the samples of the 
Secona Group ranged from about 100 units (mixed cream butter) to 
over 500 units (raw cream butter). Storage temperature did not 
Seontrrcant!y affect AP activity in any of the butters. 

Increases in AP activitiy were observed in all butters 
except the one from vat pasteurized cream. The increases for the 
properly pasteurized HTST cream butters were very slight, perhaps 
because they were batch and not continuously churned. Activities 
in the under and unpasteurized butters doubled after 12 months of 
storage. These relatively great increases were unexpected and 
unexplainable. It would be interesting to explore the reason 
Belimoycois GOubiing of AP activity in these butters made from 
creams of little heat treatment. 

None of the activity observed in the in-house butters were 
attributable to reactivated or microbial AP. Aqueous phase 
analysis as well as testing using the Rutgers Method proved 
helpful in confirming results obtained by the AOAC Method. The 
development of these unofficial methods for AP analysis of butter 


should be further explored. 


Ze 


eelgrae « 303— bes, SW Sob Be SHexc: 
























ROT SU 20D 


— a 


S05 One bSxuwaei phen svow eastiud” 


; 
4) 
< 
» 
/ 
ad 


20 eAJeom 


ir 


; ee ee ie 259 YE2s ieear i mos? hsm axzegsdg & - TT 


J34 SLgag «6S SSSesrsgqns tO 9 





do, 
Es “2 \@j3hau & @Gayiseae caver Seer sexi? eA ot] Sted 


: a pe Soe 7 2Vi735A os +p eag to at 
ready 5242 bexin) eddtu ODF Slcee moo? bepeas @iowp Bee 


a 
tusesecmbc. Sseaedat eee, resi wex? ezlag O96 


tf 
+] 

‘ 

> 

» 
st 
at 

a 
a 
4j 
~ 
mm 
a 
J 
5 
a 


vel i. Jiivivos (A Joetks. yigesaree 
. _ 
PR i bSeVucedo “sitSw -witivisos <2 is e5e6929aF | 
(7a SaT .mee3> Secbivecesa sav mae’ eno ene 
siiie4 Pik Ysevr' Stsyv 2187200 ms » TOT? Ses isuesasg 


uSdtad> YISGbh REPRO) Ye<"hcn dosed sr6e yee 


~ 


~* 
r 


; re. 
: “a Si ustle Seiaiet eistinl Se racscesd@ay bas 345er 

7 7 
oP, Thon. sree cqeesion® Jeste y.isvisalox eeout ; 


2a | sac igxe ol omiseeaepai.ed Gluow 4 = dans 


f sey S.atgoe 2 ae F ig Y?avooas FA to pi Saiveb aa 
SAemsse%2 Jse0 siszat 

‘7 ne vores bowtie erivisie nye tea 

. te es ae ee ald 








III. COMMERCIAL BUTTERS 


Introduction 


Results 


Discussion 


Summary and Conclusions 
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A. INTRODUCTION 


Thirty-seven butter samples and their pasteurization 
parameters were supplied by the USDA. AP activities of the whole 
butters and their aqueous extracts were determined as well as 
salt contents of the aqueous phases. The results were given in 
Progress Report #5 and are repeated in Table 1. The following is 


a summary and discussion of the results. 
Dero W los 


1.Vat Pasteurized: Only 1 butter was made from vat pasteurized 
cream. iG hadm@rne activity. This is consistent with typically 


observed AP activities of butter made from vat pasteurized cream. 


2.Unsalted Butters: Four of the samples were determined to be 
unsalted. These had no activity in either the whole butters or 


their aqueous extracts. 


3.AP Negative Samples: Eighteen of the 37 butters had less than 2 
Divi ocmeOLm actulvity. These include salted butters, unsalted 
butters, and butters of undetermined salt content. 

& 
4,AP Positive §/Samplessc Nineteen of the 37 butters had greater 
Snanecruliats Of activity. Activities were confirmed by Rutgers 
Method and aqueous extract AP determinations. Seventeen of these 


samples were salted while 2 had unknown salt contents. 
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"Table 1. AP Activities on Butters Supplied by USDA 


— a eeeee 


SAMPLE 
(Plant #) 


—————__—-77>>> eS 


5 


Commercial Cry 
Spokane 


PAST METHOD SALT CONTENT AVG AOAC AP ACTIVITY 
(Temp°F/Time) (% of aq phase) Butter! Aq Extract2 


170/30 min NA eg ps. 


eee 


3s 
4, 


Qe 


Wee 


Land O'Lakes 
47-330 
06-06 (See #15) 


55-304 (See #21) 


o1-212 


55-292 
40-70 
Knudsen/Tipton 


29-534 


187/19 sec 0 = 19 219 
190/22 sec 0 a AS, .06 
182.5/29.7 sec 0 06 29 
1827 0/2745 Sec 

186/35 sec 0 »45 -.06 

eee 

185.5/48.7 sec Beak eae) if! 3.43 
186.5/45.6 sec 

189/41.6 sec 7.14 0 -1.04 
188/19.4 sec S219 a1 aes) 
184.0/26.1 sec NA Was 1950 
186/17.16 sec NA MSY’ NA 
186/19.5 sec NA 239 6.0 




















CACOOP/Petaluma 


SJVD/Los Banos 
(see #19, #25) 


36-1548 


95-376 


DCCA/Tulare 
(See #4) 


48-1010 


53-48 
(See #32) 


Continued on page two 


i nnn eS EEEEEEE 


183/19.5 sec 


188/44.0 sec NA .45 2720 
181.25/44.0 sec 
180.5/48 sec 


193/20.5 sec NA eid UM ae room) 1025 
136720. 5..sec 

185/70 sec 7235 .94 13.46 
185/27, 9,.5ec NA Plo (MarR) 16.0 


184/27.5 sec 


192 5/30..3 sec 7.88 1,85 2o.75 
186/35.3 sec 


185/30.1 sec Bia 1.88 25.88 
184/22.0 sec 
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Table 1. AP Activities on Butters Supplied by USDA - continued 


ee EO 








SAMPLE PAST METHOD SALT CONTENT AVG AOAC AP ACTIVITY 
(Plant #) (Temp°F/Time) (% of aq phase) Butter! Aq Extracté 
te le a ee a ees 
18. Crystal/Sacto 188/24.0 sec NA 1-96 (Mee Ra) ZO50 
183/24.0 sec 
19. 06-748 W 181 6.50 2.01 Ae the 
(See #12, #25) Ewlo. 
20. 31-67 187/25 sec 6.93 PATA 3158 
185/16.6 sec 
21. 55-304 (See #5) 186/35 sec 43537 2.46 50.49 
22. 27-484 188/32.98 sec G22) Zoe 26 e 
185/17.34 sec 
23. Humbolt/Fortuna 191/27.0 sec NA Zea (Mask) 48.0 
(See #33) 186.5/27.0 sec 
24. 20-350 186/17.16 sec O255 3.30 Sacco 
25. 06-748 181.75/49 sec 4.47 3.66 34.00 
(See #12, #19) 182/48 sec 
26. 55-653 186.5/27 sec 6.99 S7og yon 43 
27. 4-30 187.5/23.2 sec 7.95 4.44 35507 
28. 48-908 190/34 sec Tet anos 42.38 
186/34 sec 
29. 55-360 188.5/40.9 sec 7.60 4.94 44.88 
187/39.1 sec 
30. Land O'Lakes/ 190/35 sec NA 5.82(M ,R7) 87+ 
Mtn. Lake, MN 187/35 sec 
31. 49-4 189/49 sec 6.78 5.99 52.48 
185/49 sec 
32. 53-48 (See #17) 185/30.1 sec ives 6.60 69.82 
184/22.0 sec 
33. 06-1187 (See #23) 185.5/30 sec 8.33 6.75 72.28 
34. 41-25 195/27.5 sec 5.38 7.70 76.18 


Continued on page three 


165/27.5 sec 
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Table 1. AP Activities on Butters Supplied by USDA - continued 


eee 


SAMPLE PAST METHOD SALT CONTENT AVG AOAC AP ACTIVITY 

(Plant #) (Temp°F/Time) (% of aq phase) _ Butter! Aq Extract: 

SRE a i ee 

35. 29-424 187/23.1 sec 8.56 7.96 85+ 

36. 36-5056 195/36.8 sec 5.84 Lose bISs75 
(See #36) 186/31 sec 

37. 36-5056 195/26.8 sec Oma2 16.40(M~,R7) 13y/ e28 
(See #36) 187/26.8 sec 


eee ee 


1, Units are in ug phenol/0.5 g butter/] hour. 

2. Units are in ug phenol/0.5 ml aqueous extract/1 hour 
M*/~: Microbial AP; positive/negative 

R*/~: Reactivated AP; positive/negative 


NA: Not available 
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2.Microbial and Reactivated AP: Fight butters were tested for 
ee NO KEACTivated AP: 
microbial and reactivated AP. All of these samples tested 


negative for both forms of AP. 


CeDLSCUSSION 


1.Effect of Pasteurization Temp ..4.0n. «AP Activity: No direct 


correlation could be made between pasteurization temperature and 
AP activity. This is because of the different holding times used 
Pyecle s manufacturers. Still, it canbe observed that butters #36 
and #37 have about twice the activity of any other sample. These 
are salted butters made from 195F HTST creams. A Shirdi SSrUuTSsT 
cream also had a high AP activity. This reflects the common 
observation associating a high degree of AP reactivation with 


high pasteurization temperatures. 


2.AOAC Method: The present AOAC procedure proved to be sensitive 
in detecting AP activities in butter. A wide range of activities 
were detected in these butters . and these activities were 
confirmed by Rutgers Method and aqueous phase analysis. 

The present standard of 2 units appears to need 
modification. Over 50% of the commercial butters had positive 
activities based on this renG therefore should be. considered 
to be made from underpasteurized or contaminated creams. This is 


highly unlikely. Perhaps the standard is not applicable to 


today’s butters made in continuous churns from HTST creams. 
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3.Microbial and Reactivated AP: As was the case with the in- 
house butters tests for microbial and reactivated AP resulted 
negative. The applicability of these tests to butter is 


questioned. 


4.Aqueous Extract AP Analysis: Rutgers and AOAC based aqueous 


extract AP determinations were used to confirm the measured 


activities of the whole butters. These analyses were very useful 


for samples with low whole butter activities. Based on the 
aqueous phase activities butters with low activities can be 
distinguished from butters with no activity. Aqueous extract 


analysis was less useful=for butters with high activities. 


Benecrect: of ~Saltwon™ ear ACLIViCVEEE une ertect. of salt on AP 


activity in butter was considered. The pie chart (Figure 8) 
separates the 37 commercial butters’ on basis of AP activity 
(pos.or neg.) and salt content (salted, unsalted, or unknown salt 
Content) . The 2 upper sections of this chart represent the AP 
positive samples. It is evident that a majority of these butters 
are salted (larger section). No confirmed unsalted butters were 
AP positive. The lower 3 sections represent the AP negative 
butters. Included in this group are salted butters, butters of 
unknown salt content and the only lnsaLted butters: Thus; 2t 

appears that the presence of salt does affect AP activity. To 


confirm this a follow-up study was done. 
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FIGURE 8, 


ivity 


Effect of Salt on AP Act 


--Commercial Butters-- 


AP Positive, Salted 


AP Positive. Unknown 


bb br hm PPD 









AP Negative, Salted 


AP Negative. Unknown 





Nine brands of salted and unsalted butters were obtained and 
Sralyzed for AP activity. Results appear in Figure 9. foais 
evident that the salted version of each brand had noticeably 
SGreacer activity than its unsalted counterpart. Four or the 
Ser ecemutcers) snad over 2 units of activity. All the unsalted 
putters Nad virtually no activity. Thé “activity of the unsalted 
#8 was .91 units. 

TemmapPears that) the }presence of salt does affect AP 
BerrvitvVetn beter and in fact it is the) saltedibitterseathat have 
accounted for the AP positive samples in both the in-house and 
SCommetrc a Mite er Studies. Uust thow salt affects AP activity 
will have to be a subject for future research. Perhaps salt is 
involved in influencing reconformation of a reversibly 
inactivated AP or maybe there is an interaction between salt and 
the fat globule membranes causing the release of AP Siromva 
previously protective structure. Whatever the reason, 
understanding the relationship between salt content and AP 
activity could shed light on the mechanism of AP reactivation as 
well as provide useful information on various related issues such 
as enzyme stabilization/inactivation or enzyme-membrane 


interactions. 
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D.SUMMARY AND CONCLUSIONS 


Thirty-seven commercial butters and their pasteurization 
parameters were supplied by the USDA for AP analysis. These 
samples represented a wide range of manufacturing methods. The 
results of these samples were a useful supplement to those of the 
in-house butters in giving a better understanding of AP activity 
in stored butters. 

Over 50% of the commercial butters had positive AP 
activities. These activities were not attributable to either 
reactivated or microbial AP based on present official methods. 
THe presence of salt was implicated as a possible factor 
influencing the high activities observed. More work is 
recommended to pursue the effect of salt on AP activity in 
HuUcter . 

The AOAC Method for determining residual activity was 
adequate in detecting a wide range of activities. The present 2 
unit standard however needs to be reevaluated. Testing AP by 
aqueous phase analysis and by using Rutgers Method based tests 
were useful in confirming results by the AOAC Method. Future use 
of these unofficial methods for AP analysis of butter will 


require additional work. 
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IV. PROPOSED FUTURE RESEARCH 


Based on the shelf life study on the in-house butters and AP 


analysis of commercial butters several areas of future study have 


been identified. These include investigating traditional as well 


as newer approaches of AP analysis; a few are listed below: 


1) 


2) 


3) 


4) 


Reevaluation of the present 2 unit standard for butter. 
Reevaluation of the use and interpretation of the present 
methods for microbial and reactivated AP analysis. 
Development of aqueous phase AP analysis methods. 
Development of Rutgers Method based tests for AP 


analysis. 


Also, the use of different biochemical and chemical methods 


For AP analysis should be considered as should the subject of 


the effect of salt on AP activity. Eventually the mechanisms of 


reactivation need to be elucidated to confirm the validity of AP 


eneivesis asra.tool for controlling pasteurization of dairy foods 


Coday.; 
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Pneroduction 


Results 
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A oCLNTRODUC TION 


It was noticed that the presence of salt could influence AP 
activity cin butter. This observation was based on analyses on 
UNOmeseGs ot pcommercialhes butters. Of 37 samples supplied by the 
USDA 4 were confirmed unsalted. None of these 4 had AP activity 
amcwnems the wmwhole» butter..« omrsaqueous-phase. «A subsequent 
investigation was done where 9 brands of salted and unsalted 
See Tere | Were tested jand compared for AP activity. In all 9 
brands the salted butter had noticeably more activity than the 
Mgsa Peedecounterpart,., whach had virtually no activity. 

The above experiments include analysis of a total of 13 
unsalted samples. To get a better understanding of the effect of 
salt on AP activity additional unsalted butters were supplied by 
the USDA. The following supplement to the final report addresses 


the results of these final samples. 
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Bee ReoULTS 


1.General: Sixteen additional butter samples were supplied by the 
USDA.Samples were tested for AP activity in both the whole butter 
and aqueous’) phase. Salt content analysis was performed on the 
aqueous phase. Results of the analyses are given in Table 2. 
Also included in the table are the cream pasteurization 
Peremeters of the respective -butters as well as the plants of 
manufacture. Multiple samples were received from four different 


butter manufacturers resulting in the 16 total samples. 


2.-salt: Salt tests performed on aqueous extracts confirmed that 


all butters were unsalted. 


3.AP Negative Butters: Twelve of the 16 butters had no activity 
in either the whole butter or aqueous phase analyses. Thi Sane 
consistent with a hypothesis that the presence of salt positively 
affects AP activity whereas in the absense of salt activities are 


minimal. 


4.AP Positive Butters: Four of the 16 butters had greater than 2 


Units of activity. High aqueous phase activities confirmed the 


results. All of these butters were produced by the same plant. 
The high activities are inconsistent with the hypothesis 
previously mentioned. Pos Loeencer est ingaromnocre tiatealimor 


these 4 AP positive butters were manufactured at the same plant. 
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Table 2. AP Activities in Unsalted Butters 


eee 


_ SAMPLE PAST METHOD SALT CONTENT AVG AOAC AP ACTIVITY 
_ (Plant #) (Temp°F/Time) (% of aq phase) ~ Butter! Aq Extract2 


| neni eer 


| 
35-5056 195/29.7 sec 








1183 0 -.13 -.13 

1184 0 my) hs] 19 

E185 0 -.13 sly 16 

1186 0 -.06 foc 

1187 0 0 -.06 
ee eee er ae Chat mere wore 1c needeo tn 


55-304 186/35 sec 


S217 0 #13 ass) 
82-18 0 06 0 
2-19 0 0 as 


27-31 193/34 sec 


A 0 =e id =—1510 
B 0 06 SEY: 
C 0 Sey: = 202 
D 0 =O7 =e 


20-350 186/17.16 sec 


l 0 3.59 33.78 
2 0 5.27 41.61 
3 “9 2.85 26.01 
4 0 2.39 23.10 


eee ee ee ee eee eee ee 
] 
; 
2 


- Units are in ug phenol/o.5 g butter/1] hour. 


Units are in yg phenol/0.5 ml aqueous extract/1 hour. 
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C. DISCUSSION 


Based on results from previous experiments negative 
activities were expected in these 16 unsalted butters. A 
majority (12 of 16) of the samples did. indeed have negative 
activities. However, the fact that 4 butters had relatively high 
activities is puzzling and counter to what was expected AMiihis 
puts to question the issue of salt influencing AP activityvsin 
butter and would seem to indicate that more work is needed in 
this area. A few observations are noted below. 

PPLOUaL giorte Ssliof thenAP) positave butters were supplied by 2 
plants using pasteurization temperatures greater than 190F. It 
has been previously noted that using such high temperatures 
Usual ye resultsamingmbutters: © with ehigh UAP!. activities, These 
samples however, had no activity in either the whole butter or 
aqueous phase. One explanation of the lack of activity could be 
the absence of salt in these samples. Other factors such as 
mMetnodsyot “churmings® (Continuousesvsi. batch)" couldralso® . have 
influenced AP activity. Stidi,cther possibility?’ that) alt can 
affect AP activity in butter remains very plausible. 

Eight of the 16 butters were made from 186F treated creams. 
Four of these had no activity in either the whole butters or the 
BouUGouSeextracts. Ihe holding gime of these four samples was 35 
seconds. The remaining 4 butters were made from 186F/17.16sec. 
eream-) High oration were evident in both whole butters and 


their aqueous extracts. 
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These final observations do not support a clear-cut 
relationship between AP activity andthe presence of salt.More 
specifically, 4 of the total 16 unsalted samples had definite 
positive activities. The premise had been that unsalted butters 
Cendstorhave very @attlevor no activity." Perhaps*there areéfiother 
reasons accounting for the* high activities “in these’*4 butters’. 
If such other factors exist the relationship between salt and AP 
activity may still be a valid hypothesis. 

Since the 4 AP positive samples were all made at the same 
plant it would be logical to assume that the manufacturing 
procedure at this plant were in some way significantly different 
mianetne process 4t the other plants. It would be interesting to 
find out if any such differences did exist. Perhaps a unique 
churning or cream handling procedure was used. An obvious aspect 
to consider is the cream pasteurization itself. Thesisor7ly vic 
second heat treatment used is a legal pasteurization but it 
represents one of the lowest temperatures and shortest holding 
Pomeamused ss Or any Of the samples studied in this project. It 
would not be unreasonable to suspect that this relatively low 


heat treatment does not totally inactivate AP. 
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D. CONCLUSIONS 


Ineconciusic¢ngs1ceseemss that salt may haye an affect on AP 
GeuiVicy “In. butter. Unsalted butters tend to have lower 
activities than salted butters made under similar conditions. It 
would be interesting to find out why unsalted samples from plant 
#20-350 had unusually high activities. Although the relatively 
low albeit legal pasteurization used at this plant could be the 
reason for the high activities it would be worth the effort to 
consider other aspects of the butter manufacture used at this one 


plant. 
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